A study of the temporal changes recorded by ERTS and their geological significance by Moore, H. D. & Gregory, A. F.
Paper G 20 
A STUDY OF THE TEMPORAL CHANGES RECORDED BY ERTS AND THEIR 
GEOLOGICAL SIGNIFICANCE 
Harold D. Moore and Alan F- Gregory, Gregory Geoscience L td., 1750 Courtwood Cr., Ottawa 
AB ST RACT 
The temporal changes t h a t  are recorded by ERTS w e r e  
eva lua ted  f o r  an area around Bathurst  I n l e t  i n  t h e  North 
W e s t  T e r r i t o r i e s .  The seasons represented  by t h e  images 
included:  e a r l y  win ter ,  s p r i n g ,  e a r l y  summer, summer, and 
f a l l .  
Numerous s u r f a c e  characteristics (vege ta t ion ,  dra inage  
p a t t e r n s ,  su r f ace  t e x t u r e ,  l ineament systems and topographic  
relief,  etc.) w e r e  used t o  relate t h e  change i n  observable  
f e a t u r e s  wi th  the d i f f e r e n t  seasons. 
It w a s  found t h a t  t h e  t i m e  of yea r  when an observa t ion  
is made has a s t rong  c o n t r o l  over  the amount and type  of 
information t h a t  can be der ived  by an experienced i n t e r p r e t e r .  
An example of t h i s  type  of seasonal  c o n t r o l  over  
o b s e r v a b l e s , i s  the  fact  t h a t  on the  win te r  images one can see 
an ex tens ive  hummocky morainal depos i t  and much bedrock 
s t r u c t u r e  w h i d h  cannot be seen,  o r  n o t  as e a s i l y  so,  on t h e  
summer image. I n  a similar fashion,one can see on t h e  summer 
image a vegeta t ion  p a t t e r n  which may be r e l a t e d  t o  t h e  
d i s t r i b u t i o n  of  l a c u s t r i n e  and marine c l a y  depos i t s .  Such 
a vege ta t ion  p a t t e r n  i s  of course covered dur ing  the arctic 
win ter .  Many other such examples of temporal changes w e r e  
recorded i n  t h e  s tudy .  
temporal changes i s  an important  p a r t  of any ERTS 
i n t e r p r e t a t i o n  for geology. 
It is  therefore concluded t h a t  a detailed s tudy o f  
ra 
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In t roduc t ion :  
The d a t a  from ERTS-1 over  t h e  p a s t  year  have recorded 
a f u l l  cyc le  of t h e  seasons.  In  view of  t h i s ,  a company- 
supported p r o j e c t  w a s  s t a r t e d  t o  s tudy  and eva lua te ,  by 
means of v i s u a l  a n a l y s i s ,  t h e  a t t endan t  s p e c t r a l  and temporal 
changes, and t h e i r  s i g n i f i c a n c e  t o  geo log ica l  i n t e r p r e t a t i o n .  
Terrestrial Caneda, be ing  loca ted  i n  t h e  nor thern  
l a t i t u d e s  between 42 N and 83 N ,  has  a wide v a r i e t y  of  
seasonal  condi t ions  which are f a i t h f u l l y  recorded by ERTS. 
Canadian t e r r a i n  i s  even more v a r i e d  than t h e  seasonal  
cond i t ions ,  wi th  geology ranging from Precambrian rocks over  
2.5 b i l l i o n  yea r s  o l d  t o  unconsol idated P le i s tocene  sediments 
depos i ted  dur ing  t h e  l a s t  ice age. 
With such a g r e a t  v a r i e t y  of  seasonal  and s u r f i c i a l  
cond i t ions ,  it i s  obvious t h a t  t h e  conclusions drawn from 
t h i s  s tudy  f o r  one p a r t i c u l a r  area i n  t h e  A r c t i c  tundra  may 
have t o  be modified f o r  use i n  a d i f f e r e n t  area. However, 
t h i s  s tudy  should comprise a use fu l  foundation f o r  similar 
s t u d i e s  i n  o t h e r  areas wi th  d i f f e r e n t  environments. 
A r e a  of Study: 
The Bathurs t  I n l e t  area w a s  chosen f o r  t h i s  s tudy 
because of  i t s  g r e a t  v a r i e t y  of s u r f i c i a l  and seasonal  
condi t ions .  Other favourable  f a c t o r s  w e r e  good continuous 
ERTS coverage and up t o  d a t e  mapping of  t h e  bedrock and 
s u r f i c i a l  geology. 
The Bathurs t  I n l e t  area is  loca ted  on t h e  A r c t i c  c o a s t  
of  Canada and i s  c u t  by t h e  A r c t i c  C i r c l e .  A s  descr ibed  
by F r a s e r  ( 1 9 6 4 )  and Tremblay (1968),  t h e  topography i s  
rugged, r i s i n g  from sea l e v e l  t o  over 650 m.with r e l i e f  
as g r e a t  as 500 m. i n  some places .  
The P le i s tocene  f e a t u r e s  i n  t h i s  area are q u i t e  va r i ed  
i n  s i z e  and d i s t r i b u t i o n  ranging from e s k e r s  up t o  1 2 0  km. 
long and 58 m.high t o  hummocky morainal d e p o s i t s ,  which 
may cover thousands of  square km. (Bi rd ,  1 9 6 1 ) .  Although 
t h e  area is  nor th  of  t h e  tree l i n e ,  one can s t i l l  f i n d  a 
wide range of p l a n t  l i f e .  (Bird,  i b i d )  . 
A gene ra l i zed  geologica l  map of  t h e  area taken from 
work done by (F rase r ,  1 9 6 4 ,  Tremblay, 1968) i s  p resen t  i n  
( f i g u r e  1). A l l  t h e  rocks of  t h e  area are of  Precambrian 
age,  with a t h i c k  group of Pro terozoic  sedimentary rocks 
l y i n g  uncomformably above Archean basement rocks.  The 
uncomformity between t h e  Pro terozoic  and Archean has  had a 
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Figure  2 .  ERTS 1 imagery for t h r e e  d i f f e r e n t  seasons.  
Ba thur s t  I n l e t ,  N,W,T. 
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very  s t r o n g  c o n t r o l  over  t h e  implacement of an ex tens ive  
group of gabbroic  s i l ls  which almost completly r i m  t h e  
Proterozoic bas in .  
common s t r i k e  of N 25 W ,  are found i n  t h e  western p a r t  of  
the area. Severa l  f a u l t  sets c u t  t h e  area, t h e  m o s t  prominent 
of which i s  t h e  Bathurs t  f a u l t  zone wi th  v e r t i c a l  r e l i e f  of  
up t o  330 m (Fraser 1 9 6 4 ) .  
N p e r o u s  d iabase  dykes, wi th  a 
Method of I n t e r p r e t a t i o n  
Before s t a r t i n g  t h e  i n t e r p r e t a t i o n ,  d a t a  f o r  a l l  t h e  
seasons should be s t u d i e d  t o  f i n d  s u i t a b l e  imagery. 
Because ERTS images of any given area are obta ined  every 
e igh teen  days,  t h e r e  i s  a good p o s s i b i l i t y  t h a t  high 
q u a l i t y  images can be found f o r  each of t h e  seasons.  
Three sets of images s u i t a b l e  f o r  s tudy  w e r e  a v a i l a b l e  
f o r  t h i s  area a t  t h e  t i m e  this i n v e s t i g a t i o n  w a s  s t a r t e d  
(summer 1973) .  Since t h a t  t i m e ,  however, t w o  more sets 
of  images have become a v a i l a b l e ,  t hus  completing t h e  f u l l  
annual  cycle .  The two la tes t  sets of  images have n o t  y e t  
been analyzed. 
i n t e r p r e t a t i o n  w a s  found t o  be a problem when one t r i e d  
t o  do a temporal a n a l y s i s  f o r  t h e  t h r e e  sets of  images 
wi thout  an organized p lan  of a t t a c k .  Therefore  a l l  t h e  
observables  which can be used i n  a geo log ica l  i n t e r p r e t a t i o n  
w e r e  d iv ided  i n t o  groups t o  be analyzed one a t  a t i m e  ( s t r u c t u r e ,  
geomorphology, vege ta t ion ,  l i t h o l o g y ,  dra inage  p a t t e r n s ,  etc.) 
The i n t e r p r e t a t i v e  procedures w e r e  t h u s  based on t h e  
s e q u e n t i a l  a n a l y s i s  of t h e  d i f f e r e n t  typesof  observables .  
This  allowed t h e  i n t e r p r e t e r  t o  concent ra te  on one type  
of observable  a t  a t i m e ,  and t h e r e f o r e  p ick  o u t  changes of  
a more s u b t l e  na ture .  The information which w a s  gained 
from t h e  i n t e r p r e t a t i o n  w a s  then v a l i d a t e d  by comparison 
wi th  e x i s t i n g  maps. Ult imately a composite i n t e r p r e t a t i o n  
w i l l  be prepared by i n t e g r a t i n g  t h e  i n d i v i d u a l  i n t e r p r e t a t i o n s .  
The g r e a t  volume of d a t a  which i s  used i n  a geo log ica l  
I n  summary the es tab l i shment  of  a sys t ema t i c  procedure 
f o r  i n t e r p r e t a t i o n  provides  two major b e n e f i t s :  
1. A step-by-step approach i s  repea tab le ,  and 
t h e r e f o r e  a l l  t h e  seasona l  imagery can be 
analyzed i n  t h e  s a m e  way. 
2. Sequen t i a l  focus ing  on s e l e c t e d  sets of  d a t a  i n  
t h e  image al lows t h e  i n t e r p r e t e r  t o  o b t a i n  a 
maximum amount of information from s u b t l e  d e t a i l s  i n  t h e  
least  amount of t i m e .  
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Observations : 
Val ida t ion  of t h e  i n t e r p r e t a t i o n s  w a s  based on publ ished 
d a t a  (Fraser 1964, Tremblay 1968, Bird 1961, Douglas 1968, 
P r e s t  e t  a1 1967) which are compiled a t  s m a l l  scale i n  
( f i g u r e  1). The degree of c o r r e l a t i o n  between t h e  ERTS 
d a t a  and t h e  e x i s t i n g  maps w a s  found t o  vary depending on t h e  
type of geo log ica l  f e a t u r e  t h a t  w a s  being s tudied .  The 
a b i l i t y  of ERTS t o  record geologica l  d a t a  through t h e  
seasons can be summerized, from t h i s  s tudy as follows: 
1. S t ruc tu re :  
As o t h e r  i n v e s t i g a t o r s  have repor ted ,  ERTS 
d a t a  record  s t r u c t u r a l  d e t a i l s ,  commonly r evea l ing  
high c o r r e l a t i o n  wi th  e x i s t i n g  maps, o r ,  i n  many 
cases augmenting them. There i s  however a d i f f e r e n c e  
i n  what can be seen i n  images f o r  each of t h e  seasons 
( f i g u r e  3 ) .  These seasonal  d i f f e r e n c e s  are i n  t h e  
amount and type  of s t r u c t u r a l  d e t a i l .  As can be seen 
i n  t h e  s t r u c t u r a l  i n t e r p r e t a t i o n s  f o r  t h e  t h r e e  
seasons ( f i g u r e  31 ,  t h e  l a r g e r  s t r u c t u r a l  f e a t u r e s  
were recorded i n  a l l  seasons.  However, it is  obvious 
t h a t  t h e  May 30 image has  t h e  g r e a t e s t  amount of 
information. On t h e  o t h e r  hand, t h e  May 30 image 
r equ i r ed  a longer  t i m e  for i n t e r p r e t a t i o n  r e l a t i v e  
t o  t h e  October image. 
Seasonal feature-enhancement i s  t h e  primary 
reason f o r  t h e  d i f f e r e n c e s  i n  s t r u c t u r e  which were 
i n t e r p r e t e d  f o r  t h e  t h r e e  seasons.  The t h r e e  types  
of  seasonal  enhancement of  s t r u c t u r e  which w e r e  found 
i n  t h i s  s tudy are: 
1.1 Shadow enhancement which occurs  i n  October when t h e  
angle  of sun e l e v a t i o n  i s  q u i t e  low (Gregory 1973) .  
Th& sun e l e v a t i o n  for t h e  image use8 i n  t h i s  s tudy  w a s  
25 , however e l e v a t i o n s  as low as 3 have been used i n  
o t h e r  areas. 
1.2 Residual snow enhancement is found i n  t h e  May image 
wi th  t h e  l a s t  snows of w in te r  remaining i n  shaded 
and low-lying areas. 
1 .3  Drainage p a t t e r n  enhancement can be found i n  t h e  
June image with m e l t  waters f i l l i n g  t h e  dra inage  
system, and o u t l i n i n g  j o i n t s ,  f a u l t s ,  f r a c t u r e s ,  
and topographic  l ineaments.  
When t h e  recorded d a t a  w e r e  compared with t h e  ground 
t r u t h ,  it w a s  found t h a t  many s t r u c t u r a l  f e a t u r e s  
could be i d e n t i f i e d  i n  add i t ion  t o  those  on t h e  maps. 
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Figure  4 .  G l a c i a l  geology from ERTS. I n t e r p r c t a t i o n s  
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Thus it would appear t h a t  s e l ec t ed  ERTS images comprise 
an exce l l en t  b a s i s  f o r  mapping s t r u c t u r a l  f e a t u r e ,  
and t h a t  a temporal study of s t r u c t u r e  provides addi t iona l  
information a t  l i t t l e  e x t r a  cos t .  
2. Glacial Deposits: 
The Glacial Map 02 Canada (P res t  e t  a 1  1967) wh 
i s  a compilation of a i rphoto  i n t e r p r e t a t i o n s  f o r  t h e  
whole country w a s  t h e  source of ground t r u t h  f o r  t h i s  
p a r t  of t h e  i n t e r p r e t a t i o n .  A s  can be seen i n  ( f i g u r e  4 1 ,  
each of t h e  seasonal images recorded a d i f f e r e n t  
d i s t r i b u t i o n  of s u r f i c i a l  materials. The reasons f o r  
these  d i f f e rences  are bel ieved t o  represent  d i f f e r e n t  
types of seasonal  feature-enhancement. Some of these  
are the  same as those f o r  s t r u c t u r e ,  b u t  vegetat ion 
is t e n t a t i v e l y  considered t o  provide an add i t iona l  
type of enhancement. 
eskers and moraines. The blanket  of snow a l s o  helped 
enhance t h e  morainal mater ia l  by c u t t i n g  o u t  o t h e r  
"Terrain noise".  
2.1 I n  t h e  October image, t he  low sun angle enhances the 
2.2 Res idua l  snow enhancement is  prominent i n  t h e  May image, 
e spec ia l ly  f o r  drumblin f i e l d s  and esker s w a r m s .  Note 
a l s o  tlie f i r s t  s igns  of new vegeta t ive  growth which 
s e e m  t o  be r e l a t e d  t o  the  d i s t r i b u t i o n  of marine and 
l a c u s t r i n e  c lay  deposi ts .  This  apparent r e l a t i o n s h i p  
between t h e  lush vegeta t ive  growth and c lay  depos i t s  
possibly is caused by a higher  content  of n u t r i e n t s  
i n  t h e  c l ay ,  and abundance of water as a r e s u l t  of 
poor drainage i n  the  c lays .  
2.3 In  the  June image t h e  vege ta t ive  enhancement is  a l o t  
more prominent and along with drainage p a t t e r n s  gives  
a good o u t l i n e  of the marine and l a c u s t r i n e  c lay  deposi ts .  
Without t h i s  temporal ana lys i s  a l o t  of information about 
t h e  g l a c i a l  depos i t s  of t h e  a rea  would have been lost  
even though ERTS had recorded it. 
3. Lithology : 
A s  it has been observed by Chagarlanudi (1973) 
and many o t h e r s ,  ERTS w i l l ,  i n  most cases, give only 
a f a i r  t o  poor p i c t u r e  of the  t r u e  l i t h o l o g i c a l  
d i s t r i b u t i o n .  Most l i t h o l o g i c a l  information i s  gained 
from ERTS da t a  by the i d e n t i f i c a t i o n  and ex t rapola t ion  
of geomorphological f ea tu re s .  A l l  t h e  seasonal  f e a t u r e  
enhancements previously mentioned w i l l  he lp  i n  
iden t i fy ing  geomorphological f e a t u r e  and, t he re fo re ,  
l i t h o l o g i c a l  fea tures .  Thus depending on the  abundance 
of outcrop it may be poss ib l e  f o r  a person without 
p r i o r  knowledge of t h e  area t o  prepare from an ERTS image 
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a rap id  though t e n t a t i v e  a n a l y s i s  of t h e  d i s t r i b u t i o n  
of  rock types.  I f  some ground t r u t h  is available, 
it may be poss ib l e  t o  prepare a pre l iminary ,  s m a l l  scale 
geo log ica l  map. 
Conclusions: 
1. 
2. 
3.  
4 .  
5. 
6 .  
7. 
8. 
Nearly a l l  geoiogica l  s t u d i e s  of ERTS images can 
b e n e f i t  t o  some degree by a temporal a n a l y s i s .  
Temporal a n a l y s i s  w i l l  probably be very u s e f u l  
i n  other d i s c i p l i n e s .  
Four types  of seasonal  feature-enhancement w e r e  
found i n  t h i s  study. They are: shadow enhancement, 
r e s i d u a l  snow enhancement, d ra inage  p a t t e r n  
enhancement, and vege ta t ive  enhancement. 
Analysis  of such seasonal changes i n  observables  
can inc rdase  t he  amount of information t h a t  can be 
der ived  from ERTS d a t a ,  or  h e l p  t o  enhance one type 
of  da t a .  
The amount of information which can be obta ined  f r o m  
ERTS data can be maximized by doing a temporal 
a n a l y s i s  and af te rwards  compiling t h e  ind iv idua l  
i n t e r p r e t a t i o h s  i n t o  a composite i n t e r p r e t a t i o n .  
Temporal a n a l y s i s  w i l l  i nc rease  the  a l ready  proven 
a b i l i t y  of  ERTS t o  record s t r u c t u r a l  data. T h i s  new 
pe r spec t ive  and d e t a i l  may h e l p  t o  so lve  t h e  
geo log ica l  problem of  t h e  long-hypothesized l i n k  
between ore depos i t s  and l ineaments.  
The most s i g n i f i c a n t  temporal changes are those  
related t o  g i a c i a l  depos i t s ;  t h e r e f o r e ,  t h e  s tudy 
of  such depos i t s  w i l l  b e n e f i t  from temporal a n a l y s i s .  
Where formations are reasonably w e l l  exposed ERTS 
d a t a  can be used t o  prepare a prel iminary map, 
e s p e c i a l l y  i f  s o m e  ground t r u t h  i s  a v a i l a b l e  t o  assist i n  
i d e n t i f y i n g  rock types .  
854 
References 
"Bathurst  I n l e t  N.W!' Department of 
Mines and Technical Surveys 
Geographical Branch M e m o i r  #7. 
"Correlation of  Geology, Geophysics and 
S a t e l l i t e  Imagery Information i n  t h e  
Stoney Rapids A r e a  N. Sask." 
Unpublished. 
1. J. B. Bird 
2. P. Chagarlarnudi 
3. R. J. W. Douglas 
(1968) 
4.  J. A. F ra se r  
(1964) 
5. A. F. Gregory 
(1973) 
6. Y. K. Prest 
D. R. Grant  
V. N. Rampton 
(1967) 
"Geological Map o f  Canada 1:5,000,000" 
Map #' 1250 A. 
"Geological Notes on Northeastern 
D i s t r i c t  of Mackenzie" 
Geological Survey of  Canada paper 63-40. 
"Prel iminary Assessment of Geological  
Appl ica t ions  of  ERTS-1 Imagery From 
Selec ted  A r e a s  of t h e  Canadian A r c t i c " .  
ERTS-1 Symposium on S i g n i f i c a n t  
R e s u l t s ,  March 5 - 9 1973, Vol.#l Sec. 
"Glacial Map of  Canada 1:s ,000,000" 
Map #1253 A 
A. 
7. L. P. Tremblay "Prel iminary Account of The Goulburn 
(1968) Group N.W. Canada" 
Geological  Survey of  Canada paper 67-8 
855 
